Summary: 1. The isolation of transferrin from rat serum by means of affinity chromatography on CNBr-activated Sepharose 4 B is described. -2. Subfractionation by isoelectric focusing yielded two transferrin fractions with identical biological behaviour but with small differences in isoelectric point (6.0 and 5.8) and sialic acid contents.
Introduction
For studies on the rate of renewal of components in biological systems we have chosen äs a model the iron transporting system (1) . For this reason we require the iron containing proteins transferrin and ferritin in a homogeneous state. Transferrin is the most important transport protein in serum due to its quantity and biological role in the transport of iron to the haemopoietic system. For experimental work on model systems in animals we need purified transferrin of animal origin.
Earlier we described the isolation of transferrin from serum Using methods such as gel filtration and ion exchange chromatogfäphy (1) . The variety of papers concerning the application of CNBr-activated Sepharose 4B in the isolation of proteins (2) and antibodies prompted us to use CNBr-activated Sepharose 4 B in the isolation studies of rat transferrin and anti-rat transferrin. The methods to be described are simple, less time consuming than gel filtration and ion exchange chromatography (2) and offer the possibility of obtaining rather large amounts of transferrin with only one batch of CNBr-activated Sepharose 4 B^antitrans-ferrin, and the specific antibodies with another batch of CNBr-activated Sepharose 4B-transferrin. Further purification of this transferrin by isoelectric focusing produces fractions with different isoelectric points, the characteristics of these transferrin fractions will be described.
Materials and Methods
CNBr-activated Sepharose 4B, referred to later as CNBr-Sepharose, was obtained from Pharmacia, Sweden. Rat transferrin and anti-rat transferrin (from rabbits) were bound to CNBr-Sepharose following the instructions in the Pharmacia manual (2) . The buffers used were: Coupling buffer: borate, 0.1 mol/1 Washing buffers: borate, 0.1 mol/1 acetate, 0.1 mol/1 pH 8.5, containing NaCl, 0.5 mol/1 pH 8.5, containing NaCl, 1.0 mol/1 pH 4.0, containing NaCl, 1.0 mol/1 Blocking solution: coupling buffer, containing ethnnolamine, 1 mol/1. The coupling buffer should be free of NH 2 -groups (ampholines, Tris). The amount of protein bound to Sepharose varied in our experiments between 1 and 40 mg/g Sepharose. A low protein content (1 to 2 mg/g CNBr-Sepharose) gives a higher yield of the protein to be isolated. The experiments were performed at 20°C, and the gels were stored at 4°C. Immuno adsorbent columns, loaded with transferrin or antitransferrin, were used over a period of more than two years without loss of activity.
van Eijk and van Nooit: Isolation of rat transferrin using CNBr-activated sephaiose 4B Sera for the isolation of transferrin or antitransferrin were diluted (1:2) with a buffer which had twice the concentration of the starting buffer before they were applied to the column. with NaCl, 0.5 mol/1. After elution the pH of the protein-containing solution was adjusted to between 7 and 8. For transferrin an excess of ironcitrate in (NH 4 ) 2 CO3, 0.02 mol/1 was added in order to stabilize the solution.
Isoelectric focusing Isoelectric focusing was performed in the 110 ml Ampholine Column (L.K.B., 8101). The medium was composed of a 1% ampholyte solution (Ampholine Carrier Ampholytes, L.K.B.) in the pH range of about 5.6-6.1 to which 0.1% ampholytes (L.k.B.) in the pH range of 3-10 was added. The solution was introduced into the column as described by L.K.B. (3) in a 5-45% sucrose gradient with the aid of the Gradient Mixer (L.K.B., 8121). Because ampholytes with a narrow pH range of 5.6-6.1 are not commercially available, these ampholytes were isolated from a focusing experiment with ampholytes in the pH range of 5-7 without protein as described in the L.K.B. manual (3) . For purification by isoelectric focusing 50-150 mg of rat transferrin were dissolved in 2-6 ml ampholyte solution which contained 25% sucrose, and this solution was introduced into the column at half of the sucrose gradient. During 45-65 hours the protein was focused at 15 °C; a power of 1-2.5 Watt was applied. The content of the column was eluted by pumping distilled water (1.4 ml/min.) via a closed system on to the top of the upper electrode liquid with the aid of a Perpex Pump (L.K.B., 10200). During this procedure the outlet of the column was connected directly to the top of an U.V.I.-cord spectrophotometer (L.K.B.) which recorded at 280 nm. Fractions of about 4 ml (where possible 2 ml) were collected. The pH of the fractions was measured at 21°C with 0.02 pH accuracy. No correction for temperature or sucrose concentration was made. The protein solutions after CNBr-Sepharose or isoelectric focusing were concentrated by negative pressure dialyses and dialyzed twice against 100 X their volume of distilled water and then against 100 X their volume of NaCl 1 mmol/1. Finally, the protein solutions were lyophilized and stored at -20°C. Immuno electrophoresis, preparation of antisera, amino acid analyses and determination of sedimentation coefficients and sialic acid contents were carried out as described earlier (4). Iron uptake by rat bone marrow cells with the aid of rat transferrin: A solution of rat transferrin (3 g/1) was saturated with s9 Fe to 40% and incubated with rat bone marrow cells in the presence of Η(Χ>3~ and Oa under atmospheric pressure during three hours at 37°C (physiological conditions). Thereafter, the cells were washed and the iron uptake by the cells was calculated by measuring the radioactivity of the cells (5).
Results
Rat transferrin, isolated by gel filtration and ion exchange chromatography as described earlier (1), was further purified by isoelectric focusing (isoelectric point = 5.9). It was used to prepare antibodies in rabbits and also to couple to CNBr-Sepharose. In Figure 1 a a typical elution diagram is shown. Anti-rat transferrin serum is applied on a CNBr-Sepharose column (3.5 X 1.6 cm.), to which rat transferrin was covalently bound. The first peak represents the serum proteins of which the protein of interest -the specific antitransferrin γ-globulin (second peak) -was very well separated by changing to the acid buffer (arrow 1). This highly specific antitransferrin was consequently also bound to CNBr-Sepharose. Figure 1 b shows an elution diagram of this column procedure. Normal pooled rat serum was applied to a CNBr-Sepharose-antitransferrin column (11.2 X 2.2 cm.) in order to isolate rat transferrin. The purity of transferrin obtained after affinity chromatography over CNBr-Sepharose-antitransferrin is comparable with that of transferrin isolated via gel filtration and ion exchange chromatography. In order to obtain a transferrin preparation with a higher grade of purity, the CNBr-Sepharose product was subjected to isoelectric focusing. Within the gradient of pH = 5.6-6.1 several components were observed. The two clearest bands, the largest fractions with an i.e.p. of 6.0 and 5.8, were isolated and used for antibody preparation and coupling to CNBr-Sepharose. These two transferrin fractions contained less than 1 % impurities. Some characteristics of both transferrin Fe from transferrin by bone marrow cells in comparison with total transferrin isolated via gel filtration and ion exchange chromatography or via affinity chromatography over CNBr-Sepharose. Antibodies against both transferrin fractions cross-reacted with both transferrin fractions in Ouchterlony double diffusion plates.
The sialic acid content is somewhat different, explaining perhaps the difference in isoelectric point, as this difference cannot be explained by the differences in overall amino acid composition (6, 7). eight analyses per two fractions together. No significant differences were found between the two transferrin fractions. Antibodies against these two transferrin fractions, isolated via CNBr-Sepharose, showed no significant differences in amino acid composition.
The mean values were also calculated from the values of four separate analyses of each of the fractions, and from the eight values of both fractions together.
Discussion and Conclusions
1. When rat transfemn, isolated by gel filtration and ion exchange chromatography, is purified by isoelectric focusing, a highly purified product is obtained. This can be used to immunize rabbits in order to prepare specific anti-rat transferrin antibodies.
2. From this antiserum the specific antitransferrin-γ-globulin fraction can be isolated via a CNBr-Sepharose transferrin column.
3. The specific antibodies can be bound to CNBr-Sepharose in order to obtain a batch of immuno adsorbent, which can be used continuously and rapidly over a number of years to isolate transferrin from pooled rat serum. This procedure can also be used for transferrin from other animal species.
4. Further fractionating of transferrin by isoelectric focusing yielded two immunochemically identical fractions with differences in isoelectric point (6.0 and 5.8), but with an identical overall amino acid composition, an identical sedimentation coefficient (5.1 S) and equal activity in a bio assay for iron uptake, but with a difference in sialic acid content. The fraction with 1.5 mol sialic acid/mol protein is more basic, the fraction with 1.0 mol sialic acid/mol protein is more acidic in isoelectric point.
Heterogeneity in purified transferrin preparations from pooled serum has been described by Heide & Haupt (8) . Our results are in agreement with their observations from starch gel-electrophoresis.
5. The transferrin isolated with the CNBr-activated Sepharose 4 B method was satisfactorily used for most biological work on transferrin-iron metabolism.
